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Abstract: Pyrethroids are pesticides commonly used in crop protection; in the forestry, wood,
and textile industries; as well as in medicine and veterinary medicine to treat parasitic crustacean
infestations. They have been found to be relatively safe for humans and animals. Pyrethroids
are recommended for personal protection against malaria and virus Zika by the World Health
Organization. Pyrethroids act on voltage-gated sodium channels, which cause an influx of sodium
ions into the nerve cells and permanent depolarization. They also influence activities of enzymes,
especially in nerve and liver cells. Contact of pyrethroids with the skin, digestive tract, and respiratory
tract results in their penetration into the body. Due to the importance of the subject, a summary of the
current state of knowledge on the toxic effects of pyrethroids was presented in the comprehensive
review by Chrustek et al, published in journal Medicina. Particular attention was paid to nephrotoxic,
hepatotoxic, cardiotoxic, immunotoxic, neurotoxic, and behavioral effects of pyrethroids on human
and animal bodies. It could be added that pyrethroids generate oxidative stress, which modifies
DNA, RNA, protein, lipid and carbohydrate molecules. However, public awareness of the possible
negative effects of the use of insecticides is still low. Further research should be carried out to clarify
the molecular basis of the pathomechanism of pyrethroid detrimental action. Proper dissemination of
the results seems to be of first importance for public health.
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The interest in protecting humans and animals against insects and diseases transmitted by
insects, as well as crops against pests, has been around for nearly 200 years. Undoubtedly, due to the
growing population of people, farm animals, and growing agricultural areas, the use of pesticides is
constantly increasing [1–4]. Among them, pyrethroids have been considered harmless to humans and
animals. The use of first pyrethroids as insecticides began after 1945 [3–5]. Nowadays, pyrethroids
are widely used in crop protection; in the forestry, wood, and textile industries; in medicine and
veterinary medicine to treat infestations of parasitic crustaceans [1,6–10]. They are also used in personal
protection against insects, in the form of soaked mosquito nets, sprays, or gels [6–8,11–13]. Importantly,
pyrethroids are used as a preventive measure against the spread of mosquitoes, which is recommended
by the World Health Organization (WHO) as a strategy to combat malaria and the Zika virus [9,14–16].
For years, anti-malaria programs have been conducted recommending the use of mosquito nets
impregnated with deltamethrin and/or permethrin, which belong to pyrethroids [9,10,13]. At present,
WHO recommends mosquito nets impregnated with permethrin for personal protection as a part of
the prevention of Zika virus infection [10,11].
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Historically, pyrethroids are a group of compounds of natural origin isolated from the
flowers of the plant Tanacetum cinerariaefolium (former name Chrysanthemum cinerariaefolium) [1,3–5].
Natural pyrethroids are unstable compounds that quickly decompose under the influence of light,
therefore the synthesis of derivatives more resistant to radiation, which are also more toxic to
insects, has been developed [4,5]. Chemically, pyrethroids are esters of chrysanthemic acid (ethyl
2,2-dimethyl-3-(1-isobutenyl)cyclopropane-1-carboxylate) [4,5]. They occur in two chiral systems—cis and
trans—of which cis stereoisomers are characterized by greater activity [3,4]. Permethrin, deltamethrin,
and cypermethrin are the most commonly used pyrethroids. A mixture of cis and trans optical stereoisomers
of permethrin (1:3, 3-phenoxyphenyl)-methyl] 3-(2,2-dichloroethenyl)cyclopropane-1-carboxylate) is
used in insect control agents [15] (WHO permethrin). Permethrin is a chlorinated derivative of
chrysanthemic acid, whereas a bromine substituent is unique to deltamethrin ([(S)-cyano-(3-
phenoxyphenyl)-methyl](1R,3R)-3-(2,2-dibromoethenyl)-2,2-dimethylcyclopropane1-carboxylate) [14]
(WHO deltamethrin). Reagents with cypermethrin ([(S)-alpha-cyano-(3-phenoxyphenyl)-methyl]
(1R, 3R)-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylate and [(R)-alpha-cyano-(3-
phenoxyphenyl)-methyl] (1S,3S)-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylate) are a
racemic mixture of its optical isomers [16] (WHO cypermethrin). Pyrethroids have been classified by
WHO as the fourth group of insecticides [13].

Pyrethroids act on voltage-gated sodium channels [3,4]. Binding of the pyrethroid molecule to the
α subunit of the channel causes its permanent opening and prevents it from closing [4]. As a result,
the influx of sodium ions into the nerve cells and permanent depolarization occurs [3]. Moreover,
pyrethroids reduce the enzymatic activity of acetylcholinesterase (EC 3.1.1.7), modifying the active
binding site of the substrate [5]. They also modify the activity of the cytochrome p450 system in brain
neurons and in the liver [5]. Pyrethroids are more toxic to insects than to mammals and birds due to
the more sensitive sodium channels in the insect nervous system and their lower body temperature [3].

Pyrethroids are lipid soluble, so any contact with the skin, digestive tract, and respiratory tract
results in their penetration into the body [1,8,11,17–20]. The degree of penetration is influenced by
the permeability of the barrier [18,19]. It has been proven that a 15-s contact of deltamethrin with the
intact rabbit skin is enough to induce a depolarization reaction caused by the influx of sodium ions
into the cells [17].

Children and pregnant women are at risk of faster pyrethroid penetration into the body [12,21–24].
It has been proven that pyrethroids and their metabolites can be found in human milk [12,21],
which poses a risk to newborns [12,24].

Pyrethroids were divided into two groups, depending on the type of intoxication symptoms
that appeared in a vertebral organism after their administration [3]. Type I pyrethroids, including
permethrin, cause the symptoms known as the tremor type syndrome (T), which is characterized by
tremors throughout the body, hypersensitivity, aggressive behavior, and ataxia. Type II pyrethroids,
represented by deltamethrin and cypermethrin, are associated with the choreoathetosis-salivation
syndrome, in which salivation and muscle dysfunction occur [1,3–5].

Particularly noteworthy is the fact that it has been proven that the level of pyrethroids in the
body, as well as the severity of symptoms of poisoning, depends on the type of diet [1–3]. Higher
concentrations of pyrethroid metabolites in urine were reported in people on a plant-based diet [2].
However, it should be emphasized that despite the proven negative impact of pyrethroids on human
health, at the present stage of knowledge, it is not possible to propose a safer measure for personal
protection against insects [14–16].

Studies concerning the negative effects of pyrethroids on humans and animals have been conducted
for years. The review “Current Research on the Safety of Pyrethroids Used as Insecticides” published in
Medicina Lithuania in 2018 [1] is the most comprehensive and extensive summary of the research to date.
Particular attention was paid to nephrotoxic, hepatotoxic [25], cardiotoxic [26,27], immunotoxic [28],
neurotoxic [29,30], and behavioral [22] effects of pyrethroids and known consequences of their impact
on the reproductive system [31] and fetal development [32].
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Current knowledge about the site of action of pyrethroids, toxic doses, and induced tissue and
organ effects were presented [1]. What deserves special attention are the tables, which collect data on
the amount of pyrethroids used in personal protective equipment, metabolites formed after contact
with the compound, the main routes of pyrethroid entry into the body, as well as pathomechanisms of
negative action and symptoms accompanying poisoning [1].

The article [1] did not address the issues related to the generation of oxidative/nitrosative stress
by pyrethroids, associated with the accumulation of oxygen and nitrogen free radicals. The influence
of oxidative stress generated by pyrethroids on the modification of DNA, RNA, proteins, lipids,
and carbohydrates, both in cells and extracellularly, has been proven in numerous studies [25,33–35].
Permethrin and deltamethrin administered to rats have been found to increase the activities of
SODs (EC1.15.1.1, superoxide dismutases), GSTs (EC 2.5.1.18; glutathione S-transferases), and CAT
(EC 1.11.1.6, catalase) and decrease the activity of GPxs (EC 1.11.1.9, glutathione peroxidases) and
the levels of reduced glutathione (GSH) and interleukins 1β, 2, and 13 in the blood plasma [25,33].
Cypermethrin has been reported to increase the concentration of GSH and malonyldialdehyde (MDA),
a marker of the lipid peroxidation process, and decrease the activities of CAT and SODs. Additionally,
this pyrethroid has shown the ability to accumulate in cell membranes and modify the conformation of
transport proteins [34,35].

Nevertheless, public awareness of the possible negative effects of the use of insecticides is still
low and further research should be carried out to clarify the molecular basis of the pathomechanisms
of the pyrethroid detrimental action. The results of these studies should be widely disseminated.
The review [1] presents current scientific data on the impact of three most commonly used pyrethroids,
namely, cypermethrin, deltamethrin, and permethrin, on vertebrate organisms, and due to its versatility
and topicality it can be recommended as a source of reliable and credible knowledge about pyrethroids.
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17. Hołyńska-Iwan, I.; Bogusiewicz, J.; Chajdas, D.; Szewczyk-Golec, K.; Lampka, M.; Olszewska-Słonina, D.
The immediate influence of deltamethrin on ion transport through rabbit skin. An in vitro study.
Pestic. Biochem. Physiol. 2018, 148, 144–150. [CrossRef] [PubMed]

18. Hughes, E.A.; Flores, A.P.; Ramos, L.M.; Zalts, A.; Glass, C.R.; Montserrat, J.M.; Montserrat, J.M. Potential dermal
exposure to deltamethrin and risk assessment for manual sprayers: Influence of crop type. Sci. Total Environ.
2008, 391, 34–40. [CrossRef] [PubMed]

19. Hughes, M.F.; Edwards, B.C. In vitro dermal absorption of pyrethroid pesticides in human and rat skin.
Toxicol. Appl. Pharmacol. 2010, 246, 29–37. [CrossRef]

20. Singleton, S.T.; Lein, P.J.; Farahat, A.F.; Farahat, T.; Bonner, M.R.; Knaak, J.B.; Olson, J.R. Characterization of
α-cypermethrin exposure in Egyptian agricultural workers. Int. J. Hyg. Environ. Health 2014, 217, 538–545.
[CrossRef] [PubMed]

21. Corcellas, C.; Feo, M.L.; Torres, J.P.; Malm, O.; Ocampo-Duque, W.; Eljarrat, E.; Barceló, J. Pyrethroids in
human breast milk: Occurrence and nursing daily intake estimation. Environ. Int. 2012, 47, 17–22. [CrossRef]
[PubMed]

22. Outhlote, A.B.; Bouchard, M. Urinary metabolities of organophosphate and pyrethroid pesticides and
behavioral problems in canadian children. Environ. Health Perspect. 2013, 121, 1378–1384.

23. Viel, J.-F.; Warembourg, C.; Le Maner-Idrissi, G.; Lacroix, A.; Limon, G.; Rouget, F.; Monfort, C.; Durand, G.;
Cordier, S.; Chevrier, C. Pyrethroid insecticide exposure and cognitive developmental disabilities in children:
The PELAGIE mother–child cohort. Environ. Int. 2015, 82, 69–75. [CrossRef]

24. Glorennec, P.; Serrano, T.; Fravallo, M.; Warembourg, C.; Monfort, C.; Cordier, S.; Viel, J.-F.; Le Gléau, F.;
Le Bot, B.; Chevrier, C. Determinants of children’s exposure to pyrethroid insecticides in western France.
Environ. Int. 2017, 104, 76–82. [CrossRef]

25. Xu, M.-Y.; Wang, P.; Sun, Y.-J.; Wang, H.-P.; Liang, Y.-J.; Zhu, L.; Wu, Y.-J. Redox status in liver of rats following
subchronic exposure to the combination of low dose dichlorvos and deltamethrin. Pestic. Biochem. Physiol.
2015, 124, 60–65. [CrossRef]

26. Vadhana, M.D.; Carloni, M.; Nasuti, C.; Fedeli, N.; Gabbianelli, R. Early life permethrin insecticide treatment
leads to heart damage in adult rats. Exp. Gerontol. 2011, 46, 731–738. [CrossRef]

27. Vadhana, M.D.; Arumugam, S.S.; Carloni, M.; Nasuti, C.; Gabbianelli, R. Early life permethrin treatment
leads to long-term cardiotoxicity. Chemosphere 2013, 93, 1029–1034. [CrossRef] [PubMed]

28. Skolarczyk, J.; Pekar, J.; Nieradko-Iwanicka, B. Immune disorders induced by exposure to pyrethroid
insecticides. Postępy Hig. Med. Dośw. 2017, 71, 446–453. [CrossRef]

29. Nasuti, C.; Fattoretti, P.; Carloni, M.; Fedeli, D.; Ubaldi, M.; Ciccocioppo, R.; Gabbianelli, R. Neonatal
exposure to permethrin pesticide causes lifelong fear and spatial learning deficits and alters hippocampal
morphology of synapses. J. Neurodev. Disord. 2014, 6, 7. [CrossRef] [PubMed]

30. Nasuti, C.; Carloni, M.; Fedeli, N.; Gabbianelli, R.; Di Stefano, A.; Serafina, C.L.; Silva, I.; Domingues, V.F.;
Ciccocioppo, R. Effects of early life permethrin exposure on spatial working memory and on monoamine
levels in different brain areas of pre-senescent rats. Toxicology 2013, 303, 162–168. [CrossRef] [PubMed]

31. Kotil, T.; Yön, N.D. The effects of permethrin on rat ovarian tissue morphology. Exp. Toxicol. Pathol. 2015, 67,
279–285. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/AOG.0000000000001685
http://dx.doi.org/10.1016/j.pestbp.2018.04.011
http://www.ncbi.nlm.nih.gov/pubmed/29891365
http://dx.doi.org/10.1016/j.scitotenv.2007.09.034
http://www.ncbi.nlm.nih.gov/pubmed/18054997
http://dx.doi.org/10.1016/j.taap.2010.04.003
http://dx.doi.org/10.1016/j.ijheh.2013.10.003
http://www.ncbi.nlm.nih.gov/pubmed/24269189
http://dx.doi.org/10.1016/j.envint.2012.05.007
http://www.ncbi.nlm.nih.gov/pubmed/22717642
http://dx.doi.org/10.1016/j.envint.2015.05.009
http://dx.doi.org/10.1016/j.envint.2017.04.007
http://dx.doi.org/10.1016/j.pestbp.2015.04.005
http://dx.doi.org/10.1016/j.exger.2011.05.005
http://dx.doi.org/10.1016/j.chemosphere.2013.05.073
http://www.ncbi.nlm.nih.gov/pubmed/23806482
http://dx.doi.org/10.5604/01.3001.0010.3827
http://dx.doi.org/10.1186/1866-1955-6-7
http://www.ncbi.nlm.nih.gov/pubmed/24678976
http://dx.doi.org/10.1016/j.tox.2012.09.016
http://www.ncbi.nlm.nih.gov/pubmed/23174539
http://dx.doi.org/10.1016/j.etp.2015.01.005
http://www.ncbi.nlm.nih.gov/pubmed/25665982


Medicina 2020, 56, 582 5 of 5

32. Carloni, M.; Nasuti, C.; Fedeli, N.; Montani, M.; Amici, A.; Vadhana, M.D.; Gabbianelli, R. The impact of
early life permethrin exposure on development of neurodegeneration in adulthood. Exp. Gerontol. 2012, 47,
60–66. [CrossRef] [PubMed]

33. Gabbianelli, R.; Palan, M.; Flis, D.J.; Fedeli, N.; Nasuti, C.; Škarydová, L.; Ziolkowski, W. Imbalance in redox
system of rat liver following permethrin treatment in adolescence and neonatal age. Xenobiotica 2013, 43,
1103–1110. [CrossRef]

34. Romero, A.; Ramos, E.; Ares, I.; Castellano, V.; Martínez, M.; Martínez-Larrañaga, M.-R.; Anadón, A.; Martínez, M.
Oxidative stress and gene expression profiling of cell death pathways in alpha-cypermethrin-treated SH-SY5Y
cells. Arch. Toxicol. 2016, 91, 2151–2164. [CrossRef]
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Pavičić, I.; Milić, M.; et al. Cytotoxic, genotoxic and biochemical markers of insecticide toxicity evaluated
in human peripheral blood lymphocytes and an HepG2 cell line. Food Chem. Toxicol. 2016, 96, 90–106.
[CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.exger.2011.10.006
http://www.ncbi.nlm.nih.gov/pubmed/22056222
http://dx.doi.org/10.3109/00498254.2013.796427
http://dx.doi.org/10.1007/s00204-016-1864-y
http://dx.doi.org/10.1016/j.fct.2016.07.036
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

